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Abstract 
The paper proposes a Functional Products (FP) lifecycle viewed from economic, ecologic and societal perspectives. The overall 
FP lifecycle is further discussed from the viewpoint of its technical and economic lifecycles. The paper suggests that the overall 
FP lifecycle is governed by a sustainable win-win situation between the provider and customer sides, and thus that there needs to 
be a balance regarding the perceived value for both parties. 
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1. Introduction  
This paper aims to define a lifecycle for Functional 
Products (FP) viewed from economic, ecologic and societal 
perspectives. A current trend for manufacturing corporations 
is to incorporate service offers into their regular product offers 
and also to extend the providers´ ownership of the product 
throughout the entire lifecycle of the product. This has been 
identified as a business opportunity as well as a pull 
requirement from customers.  
The concept of FP [1-4], incorporates hardware (HW), 
software (SW), service-support system (SSS) and 
management of operation (MO) into a combined effort 
providing a function or total offer to customers. Throughout 
the FP lifecycle, operation of the FP must be managed, further 
developed and optimized, since the core intention with FP is 
to optimize the long-term value for both the customer and the 
provider, i.e. create a sustainable win-win situation. This value 
creation can be both an objective value (measurable in 
monetary units, time, availability, or productivity, etc.) and a 
perceived value. The perceived value, which comprises 
aggregated economic, ecologic and societal values, can 
include aspects such as avoidance of responsibility or risks by 
letting the FP provider taking care of HW or SW properties. 
Further, the concept of FP has similarities with, for instance, 
Functional Sales (FS) [5], Extended Products [6], Total Care 
Product (TCP) [1], Product-Service System (PSS) and 
Industrial Product-Service Systems (IPS2) [7], Servicizing [8], 
Service Engineering [9] or Through-life Engineering Services 
(TES) [10] in the sense of increasing the focus on soft parts 
such as services, knowledge and know-how etc., additionally 
offered. The FP, originating from hardware aspects, has most 
commonalities with PSS/IPS2, TCP, TES and FS, however 
adding additional complexity development-wise.  
The FP lifecycle, whose contracts for customer instances 
can range up to 20-30 years, has not yet been thoroughly 
defined; thus, the main focus of this paper is to propose such a 
definition. Since the four main FP constituents: HW, SW, SSS 
and MO define the FP concept, the FP lifecycle can also be 
delimited and defined by the perimeters of these main 
constituents. There is a difference between the technical 
lifecycle and the economic lifecycle. The FP technical 
lifecycle is mainly defined by the technical sub-lifecycles of 
the HW and SW. The SSS ensures and extends the technical 
lifecycle through proactive as well as reactive service and 
maintenance. However, the SSS has a separate technical sub-
lifecycle as well, since it depends on, for instance, access to 
spare parts, skills and knowledge, etc. The MO technical sub-
lifecycle coordinates, manages and supports the others’ 
technical sub-lifecycles. The FP economic lifecycle, which is 
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supported by the technical one, depends upon the relation 
between the provider and the customers and is sustained as 
long as there is a win-win situation between the provider and 
the customers. When this win-win situation no longer can be 
sustained for the customer instances in question, the contracts 
will be, or need to be, re-negotiated to find new win-win 
situation(s). If a win-win situation is not sustainable for most 
customer instances, the contracts will likely be stopped and 
the current economic lifecycle terminated. 
The current research on the FP lifecycle is rather limited, 
although, e.g. Lindström et al. [4], using a structural view, 
highlight the following lifecycle aspects: lifecycle 
management, business cases and business modelling, asset 
management, availability, risks, monitoring, maintenance, 
win-win and relations, etc.  Further, similar such lifecycle 
aspects have been brought up by, for instance, [1, 4, 11]. 
Karlsson et al. [11] conceptualize the aspects from a visionary 
perspective, whereas Alonso-Rasgado et al. [1] and Lindström 
et al. [2] consider them in development and partially 
operational contexts. In addition, Reim et al. [12] look at risks 
related to the value creation/delivery/capturing during 
different stages of the FP lifecycle. 
There is a breadth of related research within the closely 
related concepts TES, PSS and IPS2, relevant for FP, 
addressing the lifecycle as well as aspects thereof. Below, 
there are examples of relevant research from each of the 
respective concepts:  
x TES - Roy et al. [10] outline how the lifecycle can be 
embodied and a number of relevant aspects, which 
need to be addressed to support, e.g. performance-
based contracts in order to achieve the required 
performance at an optimum whole-life cost. In 
addition, examples of comprehensive studies 
covering multiple lifecycle aspects include, e.g. 
Toossi et al. [13] using a causal loop diagram to map 
through-life challenges and opportunities. Further, 
Redding et al. [14] identify a number of maintenance-
repair-overhaul (MRO) challenges.  
x PSS - Hepperele et al. [15] propose an integrated 
lifecycle comprising: planning, development, 
production, delivery and decomposition, whereas 
Sundin [16] views PSS from different lifecycle 
perspectives such as, e.g. design, manufacturing, 
delivery, usage, maintenance, remanufacturing, and 
environment/recycling. Further, Baines et al. [17, 18] 
and Isaksson et al. [19] provide, from a general level, 
a number of relevant lifecycle aspects and challenges 
ranging from lifecycle management (environment 
and costs), business cases, business modeling, and 
risks to maintenance and monitoring.  
x IPS2 - Aurich et al. [20] conceptualize how the 
lifecycle and its management can be considered from 
a high level, and Roy and Cheruvu [21] analyse the 
concept and break down the lifecycle into three 
phases: design, delivery and adaptation. Further, from 
a high-level perspective, Meier et al. [7] look at 
general lifecycle aspects such as lifecycle 
management, business modelling, costs, design and 
development, operational/organizational structures, 
maintenance, knowledge, risks and legalities. 
Additionally, Meier [22] adds planning and 
development in terms of business modeling, strategy, 
lifecycle impact, and development processes and 
methods, while Rese et al. [23] bring up lifecycle 
management, business models, and risk while 
discussing an ontology of business models. 
The expected lifecycle (both economic and technical) is 
sometimes extended much longer than originally foreseen, due 
to economic reasons. Examples of such extensions in ordinary 
life are public transportation systems, i.e. railways and 
undergrounds (subways) [24]. Baker [25], who has an 
opposite view, argues that lifecycles are shortened for many 
offers and, consequently, that their through-life plans no 
longer comprise substantial technology insertions or mid-life 
upgrades. However, if such offerings would be sold as FP 
instead of products and services, the provider needs to keep 
them in shape to honour the availability level agreed upon in 
the contract. Thus, to create and maintain a sustainable long-
term win-win situation between the FP provider and customer, 
the provider needs to be compensated for at least the foreseen 
costs and risks assumed.  
Currently, there is a dearth of literature concerning the FP 
lifecycle and how it can be defined. However, several relevant 
FP through lifecycle aspects have already been covered in 
literature, but these papers do not give a comprehensive 
overview or define the FP lifecycle. Thus, the research 
question addressed in this paper can be formulated as: how 
can the FP lifecycle be defined? The purpose of the paper is to 
propose a definition of an FP lifecycle, which can be used by 
industry as well as researchers, viewed from the economic, 
ecologic and societal perspectives. Further, the overall FP 
lifecycle will be discussed from its economic and technical 
lifecycles points of view. 
2. Research approach 
The research approach was based on a literature review 
followed by empirical studies at five manufacturing 
corporations. The literature review was used to guide the 
empirical studies. The empirical studies were conducted using 
semi-structured open-ended interviews [26, 27] with seven 
respondents working for corporations active in the Faste 
Laboratory at Luleå University of Technology, Sweden, which 
is a VINNOVA 1  Excellence Centre concerned with FP 
Innovation. In addition, one additional corporation, Electrolux, 
which sells functional offers to customers, also contributed to 
the empirical studies. Thus, the respondents were well aware 
of and knowledgeable regarding FP. The respondents were 
professionals responsible for marketing, services, research 
coordination, development and sales at four international 
corporations and one Swedish-based corporation:  
1. Bosch Rexroth Mellansel AB (three respondents – 
director aftermarket, technical product manager 
motors, and technical product manager systems) 
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2. Volvo CE (one respondent – strategy and business 
developer) 
3. Infrafone AB (two respondents – director 
engineering, and CEO) 
4. Gestamp Hardtech (one respondent – manager tool 
design and development) 
5. Electrolux (one respondent – regional category 
manager) 
The purpose of having multiple corporations with diverse 
focus was to ensure an advance in the understanding of the FP 
lifecycle and which lifecycle aspects and perspectives are of 
importance, considering the similarities and differences 
between the corporations [cf. 28]. Although the corporations 
provide different offers, they all face the common challenge of 
how to best develop, market and sell FP and/or related 
offerings such as PSS/IPS2. The corporations are all 
manufacturing corporations with roots in hardware 
development. Additional components have been added to their 
customer offerings, and what the additional components 
comprise and their importance differs depending on industry 
and customer segments served. The FP planned or currently 
offered by the corporations differ and have differing emphasis 
on the composition of hardware, software, service support 
system and management of operation. Initially, semi-
structured interviews were used, with open questions [26, 27] 
allowing the respondents to give detailed answers and add 
extra information where deemed necessary [29]. The data 
collected were corroborated with the interviewees during the 
interviews using a projector when face-to-face or via a shared 
application window when using conference tools such as Lync 
or Skype. The interviews lasted on average for about two 
hours. The collected data were displayed and analyzed using a 
matrix [30]. The analyzed data were used for the 
conceptualization of an FP lifecycle and which aspects thereof 
were considered as important or vital. 
3. Towards a definition of a Functional Product lifecycle 
A win-win situation between a provider and a customer 
means that there is a relation that facilitates and enables 
addition of value to both parties. The value is created by 
means of HW, SW, SSS and MO, which together make up the 
wholeness of FP. Thus, it is necessary for FP providers to 
understand what the incentive is when buying FP. Commonly, 
an FP provider has by itself or through its (consortium) 
partners identified one or more pain-points at the customer 
(e.g., in production, offerings, logistics, etc.) that is/are central 
for the customer’s value creation/delivery/capture and value-
chain. The customer can decide to either become excellent in 
that area and resolve all pain-points or let someone else take 
care of the pain-points. Together, the FP provider and 
customer need to achieve a win-win situation, and in order to 
achieve a sustainable win-win situation there has to be trust 
and a relation that is developed and maintained during the FP 
contract, i.e. the economic lifecycle for that customer instance.  
The FP provider needs to honour what has been agreed upon 
in the contract in terms of, e.g. level of availability or risk 
management. On both a short-term and long-term basis, the 
SSS and MO are needed to keep the HW, SW and partly SSS 
in order (i.e. to maintain the technical lifecycle) to be able to 
deliver the function wanted during the economic lifecycle. 
During the operations/usage phase of the FP lifecycle, a 
number of aspects such as planned/proactive-, preventive- and 
reactive maintenance as well as upgrading, etc. are key 
enablers to ensure delivery of the function.  
3.1. Empirical data 
The FP lifecycle and its lifecycle engineering and 
management were considered (on a scale of 
low/medium/high/very high importance) as very high by two 
corporations, high by another two and low by one corporation 
interviewed. The corporation which rated the importance as 
low (in particular regarding ecology) explained that it was 
mainly due to the fact that their FP was almost recyclable to 
100%, and thus ecology was not an issue for them or their 
customers. However, the economic aspect was deemed as 
important. As of today, the economic aspect of the lifecycle 
engineering and management was still considered as priority 
one (compared to regular products) followed by ecology and 
societal by the interviewed corporations. Overall, the lifecycle 
aspects were considered as part of the core of the FP concept 
and that these aspects provide competitiveness on many 
markets. Legalities, part of the societal aspects, get more and 
more attention from some of the providers as, for instance, 
safety requirements increase.  
Other aspects of particular interest found during the 
interviews, related to the FP lifecycle, were: business case and 
modelling, cost drivers, availability/risk management, 
asset/obsolescence management, change/configuration 
management, monitoring, maintenance, financial issues and 
processes, management and transfer of intellectual property, 
research collaboration, as well as building up trust and 
relations. Building up trust and relations was considered of 
very high importance by all interviewed corporations, and as a 
prerequisite or the most important lifecycle aspect of all to 
achieve a sustainable FP win-win situation. 
3.2. Proposed FP lifecycle definition 
 As in many of the lifecycle definitions, covered in the 
introduction, the below proposed lifecycle for FP is built up of 
similar phases, i.e.: planning (business case, business 
modelling, investigations, etc.), design/development, 
realization (manufacturing, final testing and operations 
planning, etc.), operations/usage (monitoring, maintenance, 
upgrades, remanufacturing, optimizations, potential down-
cycling, etc.) and end-of-life (disposal, destruction, recycling 
etc.). FP comprise four main constituents: HW, SW, SSS and 
MO, each with different lifecycle characteristics (length, 
nature, need and possibility for maintenance/upgrades, etc.) 
[2, 4]. The ends with FP are to achieve an economically, 
ecologically as well as socially sustainable relation, i.e. 
sustainable win-win situation, between an FP provider and 
customer with the means of HW, SW, SSS and MO. This sets 
the scene towards a definition of the FP lifecycle. FP are not 
stronger than their weakest link, just like any designed 
artefact. Thus, all FP constituents must be maintained during 
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range of life depends on the specific FP and its application, 
and no specific generic ranges can be stated. When designing 
the HW, in order to achieve sustainability, there needs to be an 
adequate balance between reliability and maintainability in 
order to meet the desired level of availability versus costs. If 
this balance cannot be achieved during the initial 
development, there must a solid plan to achieve the balance 
wanted in a timely manner, and that this is well-considered in 
the business planning/modelling. The sub-constituents/sub-
systems/components need to be maintained and, if necessary, 
re-manufactured or re-designed in order to increase 
availability, decrease risks and reduce the need for 
maintenance or improve the possibilities for such. If the HW 
technical sub-lifecycle cannot be continued, it is likely the end 
for the overall FP technical lifecycle, unless there are 
opportunities for down-cycling at another customer. 
In FP the SW is often a major constituent ensuring large 
and critical parts of the FP functionality. SW cannot be worn 
out in the same way as a mechanical or mechatronic product, 
but can rapidly become outdated or obsolete if not managed 
and maintained properly. Examples of issues to consider are, 
e.g., outdated technology without support from original 
providers, knowledge becomes obsolete on the market, or an 
inadequate level of information security which may 
allow/enable malware or virus attacks as well as intrusion by 
hackers who cause harm or, at worst, disrupt the level of 
availability agreed upon with the customer. Thus, the 
operations/usage phase for SW is associated with regular 
updates throughout its technical sub-lifecycle aiming at 
increasing the efficiency of the SW (and potentially also the 
HW and SSS where integrated), but also to create a perceived 
added value for the whole FP. If SW updates can clearly 
demonstrate increased value creation/delivery/capture, it is 
likely that the customer will continue to be happy and 
potentially also pay for the additional value. 
The SSS technical sub-lifecycle is a means of keeping the 
HW and SW technical sub-lifecycles running over time. In 
addition, the own technical sub-lifecycle must be cared for as 
well, like any potential SW that is integrated into the SSS in 
terms of, e.g. information systems, monitoring systems, 
knowledge management systems, etc. There are sub-
constituents involving the set-up and organization of the 
service-support organization, spare parts, and knowledge 
transfer, etc., which continuously must be maintained and kept 
up to date to correspond to the customer expectations. Thus, 
the SSS technical sub-lifecycle is crucial for the whole FP 
technical lifecycle. 
The MO technical sub-lifecycle is not technical in the same 
way as for HW, SW and SSS, but still needs to be maintained 
and further developed, since the MO manages the long-term 
issues and challenges during the overall FP lifecycle. For 
instance, frameworks for availability management need to be 
kept updated, intellectual property management proactively 
managed, and relations and trust between the FP provider and 
customers, as well as within the FP provider consortium, must 
necessarily be continuously cared for in order to support a 
sustainable win-win situation. Thus, the MO technical sub-
lifecycle may, if not properly managed, disrupt the FP 
technical and, consequently, economic lifecycles. 
Since the ends with an FP are to achieve a win-win 
situation, based on an economically, ecologically and socially 
sustainable relation between FP providers and customers, the 
three sustainability perspectives are below used to analyze the 
FP lifecycle proposed.  
3.3. Analysis of the proposed  FP lifecycle  from economic, 
ecologic and societal perspectives 
Below follows a brief analysis of the FP lifecycle from the 
three perspectives aforementioned. 
The economic perspective encompasses the commonly 
long-term relation between the provider and customer and to 
achieve value creation and economic stability for both, i.e. a 
sustainable win-win situation. The corporation buying the FP 
will have a planned and stable cost level, and the provider a 
stable revenue stream. The cost level for the provider depends 
on the ability to manage operational problems as well as the 
FP availability. The potential increased cost for customers to 
buy FP instead of products with services needs to be 
compensated by decreased level of risks and responsibility. 
Thus, for FP providers, there is an opportunity to increase 
revenue by assuming risks and responsibilities. 
Due to legislation and regulations from society the 
responsibility of the provider increases both regarding ecology 
and other environmental aspects. There is no incentive for 
selling new versions of FP to the same customer (for the same 
purpose), but rather to maintain and keep the FP updated in 
order to extend the lifecycle as long as there is a sustainable 
win-win situation. Since the provider is responsible during all 
phases of the FP lifecycle, there is a necessity to continuously 
trim the FP in terms of functionality/productivity, energy 
consumption, potential emissions and waste generated, spare-
parts consumption, recyclability, etc.  
Regarding the societal perspective, there must be an 
understanding, between the FP provider and customers as well 
as towards the rest of society, that the FP lifecycle, via its 
value creation/delivery/capture, should contribute to society. 
The contribution should be in terms of, e.g. job stability, 
competence build-up, SME business development, continuous 
improvement of competitiveness for the FP customer and its 
value chain, preserve/improve the surrounding environment 
comprising populated areas, etc. in order to improve the 
society. 
4. Discussion and Conclusions 
The paper contributes to theory by proposing an FP 
lifecycle definition which is governed by a sustainable win-
win situation between the FP provider and customer sides. 
The definition can be used by industry as well as researchers 
addressing FP development, innovation, business modelling 
and lifecycle matters. Parts of the results are applicable for the 
TES, PSS and IPS2 concepts as well. As the results are of 
conceptual nature, the proposed FP lifecycle needs further 
testing and verification in industrial case studies.  
The paper adds to practice by suggesting that the FP 
technical lifecycle supports the economic one, and that if the 
economic one reaches the end – it is most likely that the 
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overall FP lifecycle is terminated as well. The technical and 
economic lifecycles have sub-lifecycles for the respective 
HW, SW, SSS and MO, which all need to be considered and 
properly managed. 
The managerial implications of the paper are that FP 
lifecycle aspects need to be considered both on a short-term as 
well as long-term basis to keep the FP operational and honour 
the availability level agreed upon with customers. Additional 
lifecycle aspects, such as information security, safety and 
quality, etc., which can be seen as holistic aspects affecting 
large parts of FP, may be considered as either requirements or 
activities within the initial or post development efforts or as 
potential standalone FP sub-constituents. 
The phases proposed for the FP lifecycle are similar to 
lifecycle definitions within the TES, PSS and IPS2 concepts. 
However, the value perspective used illustrates a necessity to 
keep the FP provider and customer in a win-win situation in 
order to achieve a sustainable relationship. Further, the 
technical sub-lifecycles for the FP main constituents as well 
as their internal relations are illustrated. Finally, 
understanding the FP lifecycle, its economic and technical 
lifecycles, as well as their respective sub-lifecycles, is 
necessary to create a sustainable win-win situation between an 
FP provider and its customers. 
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